Background: The relationship between maximum consumption of oxygen and indicators of body composition is important due in increasing the chance of developing cardiovascular risk factors. Therefore, the aim of this study was to investigate the association between body fat anthropometric indicators (BMI, WC, WHtR, CI, triceps skinfold, subscapular skinfold, suprailiac skinfold) with VO2max and estimate the predictive ability of anthropometric indicators for the VO2max variation in adolescents. Methods: The study included 879 adolescents (14 -19 years) and was carried out in southern Brazil. Aerobic fitness was assessed by the modified Canadian Aerobic Fitness test (mCAFT). Independent variables were: body mass index, waist circumference, waist /height ratio, conicity index (CI), triceps skinfold, subscapular skinfold, suprailiac skinfold, sum of triceps and subscapular skinfolds and sum of triceps, subscapularis and suprailiac skinfolds. Analyses were controlled for sociodemographic variables, physical activity and sexual maturation. Results: With the exception of CI for girls, all anthropometric indicators were associated with VO2max of adolescents in both sexes (P < 0.01). The sum of the three skinfolds obtained the highest explanatory power (21% and 23% for males and females, respectively). Conclusions: Only CI for girls did not explain the VO2max variation in adolescents, and the sum of the three skinfolds was the indicator that best predicted the VO2max variation in adolescents.
Introduction
International estimates have shown reduced aerobic fitness in adolescents from 1961 to 2002, and the decrease ranged from 0.36% to 1.83% per year (1) . In Brazil, a study comparing data from 1978 to 2010 also confirmed this downward trend in aerobic fitness levels (2) . These findings are alarming, as low aerobic fitness level is considered an independent risk factor for the development of diseases such as cardiovascular disease and a risk factor for premature mortality from all causes (3) .
One of the parameters to identify aerobic fitness level is the assessment of maximum oxygen uptake (VO 2 max). The relationship between VO 2 max and body composition indicators has been investigated due to increased chance of the early development of cardiovascular risk factors and metabolic syndrome (4) . This relationship between variables (VO 2 max and body composition) is explained by the fact that overweight individuals tend to be less involved in sports and physical activity (due to limited mobility), which results in low aerobic fitness levels (5) . In turn, a longitudinal study has identified the dose-response relationship between aerobic fitness and risk of overweightness, and as aerobic fitness decreased, the risk in overweight individuals with healthy weight increased (6) .
The association between VO 2 max and body composition remains independent of protocols used to estimate fat mass (7) . Studies have found reduced VO 2 max as body mass index values (BMI) increased (8) . However, another study reported that it would not be excess weight or the amount of fat that interfered with VO 2 max, but rather the amount of lean body mass (9) .
Anthropometry is considered a simple, inexpensive and easy-to-use method in epidemiological studies (10) . BMI and skinfolds provide excess weight information, but BMI indicates total body fat and the sum of skinfolds indicates body fat distribution (10) . In turn, waist circumference (WC), waist/height ratio (WHtR) and conicity index (CI) are central adiposity indicators (10) . In short, VO 2 max is considered a strong health indicator for being associated to both total and central adiposity and to identify the magnitude of the relationship between each anthropometric indicator and VO 2 max, and it is possible to plan effective interventions to reduce excess fat from improvements in VO 2 max (6, 8) . By analyzing different anthropometric indicators, it is possible to identify the best indicator for predicting aerobic fitness, and also assist in the physiological understanding of how certain fat distribution patterns influence VO 2 max (6, 8) .
Some studies have analyzed the relationship between VO 2 max and anthropometric indicators in young populations (5, 7, 9, 11) . The relationship between VO 2 max and waist circumference (5, 7, 11) , BMI (5, 9, 11), body mass (9), body fat percentage (4), triceps skinfold (12), subscapularis skinfold (13) and sum of skinfolds (4, 5) has been verified. The results of these studies have indicated that as the values of anthropometric indicators increased, VO 2 max reduced, establishing an inverse relationship between these variables (5, 7, 10, 11) . However, no studies using all six anthropometric indicators used this study (BMI, WC, WHtR, CI, triceps skinfold, subscapular skinfold, suprailiac skinfold) and with the aim of verifying the explanatory power of the indicators above for VO 2 max have been found in literature. These data are relevant in comparing the effect of each anthropometric indicator on aerobic fitness and help choosing the most efficient parameters for prediction of this variable in future studies.
Thus, the aim of this study was to investigate the association between anthropometric indicators of general and central body fat (BMI, WC, WHtR, CI, triceps skinfold, subscapular skinfold, suprailiac skinfold) with VO 2 max and estimate the explanation capacity of anthropometric indicators on the VO 2 max variation in adolescents. The hypothesis is that anthropometric indicators show an inverse relationship with VO 2 max values, and the increase in the values of indicators results in reduced VO 2 max. Moreover, it is expected that indicators related to the sum of skinfolds would explain better the VO 2 max variation than other indicators because they allow greater accuracy in distinguishing among body composition components (fat mass and lean body mass) (14).
Method

Participants
This analytical school-based cross-sectional study is part of "Brazilian Guide to Evaluation of physical fitness related to Health and Life Habits -Stage I" macroproject. It was approved by the ethics committee on Human research of the federal university of Santa Catarina (CAAE Protocol: 33210414.3.0000.0121) and developed from August to November 2014.
The sample (N = 5182) was composed of students aged 14 -19 The sampling process was determined in two stages: 1) stratified by public high schools (n = 11); 2) conglomerate of classes considering school shift and grade (n = 170 classes). In Stage 2, all students enrolled in high schools and who were present in classroom on the days of data collection were invited to participate in the study.
For sample calculation, unknown prevalence for the outcome (50%), tolerable error of five percentage points, 95% confidence level and design of effect 1.5 were adopted, adding 20% for losses and refusals and 20 % for the association study. Sample was estimated in 751 adolescents. However, due to cluster sampling, all students were invited to participate in the study, resulting in 1,132 students.
Students enrolled in state high schools, in the classroom on the day of data collection and being aged 14 -19 years were defined as eligible. A student that did not want to participate was considered refusal and incomplete questionnaire or not performing one or more physical tests sample loss. Of the 1,132 students analyzed, 253 were excluded from the analysis for not performing the aerobic fitness test, totaling 879 students with mean age of 16.22 ± 1.14 years.
Measures
The dependent variable, VO2max, was estimated by the modified Canadian Aerobic Fitness test -mCAFT (16) validated in comparison with indirect calorimetry in men and women aged 15 -69 years (17) . To perform the test, adolescents had to complete one or more stages of three minutes each in which they should go up and down two steps of 20.3 cm each. The stage and the initial velocity were predetermined according to the sex and age of the subject. The pace for performing the steps within each stage of the tests was done by musical cadence, indicating the time when the participant should go up and down the step (16) . The test was finished only when the participant reached 85% of maximum heart rate (determined by the formula 220 -age) (16) , which was measured by Polar® frequency meter model H7 Bluetooth (Kempele, Finland). If the subject did not reach 85% of maximum heart rate in the current stage, a new stage was initiated soon after the completion of the last stage until maximum heart rate of 85% was achieved for the test completion. It was recorded as final test stage the stage in which the adolescent had completed. That is,
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Independent variables were the anthropometric indicators BMI, WC, WHtR, CI, triceps skinfold, subscapular skinfold, suprailiac skinfold, sum of triceps and subscapular folds and sum of triceps, subscapular and suprailiac skinfolds.
Anthropometric data of body weight, height, waist circumference (WC) and skinfolds were measured according to procedures of the International Society for the Advancement of Kinanthropometry (ISAK) by a single evaluator certified with ISAK level-one and continuously analyzed. For skinfold measurements, a Cescorf® caliper (Porto Alegre, Brazil) with accuracy of 0.1mm was used.
WC was measured with Sanny® inelastic metal anthropometric tape with accuracy of 0.1 mm (São Paulo, Brazil), measured at the narrowest point between the last rib and the upper edge of the iliac crest. WHtR was assessed by the relationship between WC values (cm) and height (cm). BMI was calculated as the ratio of body weight (kg) to height in squared meters. CI was calculated by the following formula: CI = WC (m)/0.109 x √ body mass (kg)/height (m). Sociodemographic variables were collected through self-administered questionnaire. Skin color was selfreported according to the Brazilian institute of geography and statistics (19) and dichotomized into "White" and "Brown/Black/Yellow/Indigenous". Age was categorized into "14 -16 years" and "17 -19 years." Socioeconomic level was identified by the questionnaire of the Brazilian association of research companies (20) and dichotomized into "high" ("A1", "A2", "B1", "B2") and "Low" ("C1", " C2 "," D "," E "). Maternal schooling was categorized into "≥ 8 years of study" and "< 8 years of study."
The level of physical activity was assessed by the question: "During the past seven days, how many days were you physically active for at least 60 minutes a day?" Adolescents who practiced physical activity five or more days / week were classified as "physically active (≥ 300 minutes per week)" and less than five days/week as "little physically active (< 300 minutes per week)" (21) .
Sexual maturation was assessed according to the criteria proposed by Tanner (22) validated and reproducible for the Brazilian population (23) . The indication of the stages was carried out by self-assessment (figures) of breast development (female) and genitals (male) after individual and previous explanation of the instrument by the researcher, always of the same sex as the adolescent. Due to the low number of adolescents in the pre-pubescent stage (0.2%), categories were "pre-pubescent/pubescent" and "post-pubescent." This variable was included in the multivariate analysis in a discrete and continuous way.
Statistical Analysis
In the descriptive analysis of variables, mean, standard deviation and frequency distribution were used. Data normality was verified by the asymmetry and kurtosis analysis. The highest asymmetry value was for variable BMI (asymmetry = 1.2) and the highest kurtosis value was for variable subscapular skinfold (kurtosis = 2.3). The other variables showed asymmetry and kurtosis values near zero. According to literature, such asymmetry and kurtosis values refer to normal data distribution (24, 25) . Thus, the Student t test was used to verify differences between means according to sex. In addition, the effect size was calculated according to literature (26) . The Pearson correlation was used to verify the relationship between VO 2 max and anthropometric indicators (BMI, WC, WHtR, triceps skinfold, subscapular skinfold, suprailiac skinfold and CI) according to sex.
To identify the relationship between anthropometric indicators and VO 2 max, simple and multiple linear regression were used. In both analyses, intercept measurements (B), standard error (SE), regression coefficient of predictor variables (β), t-test of parameters (t); determination coefficient (R 2 ); adjusted determination coefficient (Adj R 2 ) and analysis of variance with degrees of freedom (F (dfn, DFD)) were estimated. In addition, the effect size was calculated according to literature (26) . In the multiple linear regression, a model for each anthropometric indicator separately was built and adjusted for sociodemographic factors (skin color, age, school shift, maternal education and economic level), for level of physical activity and sexual maturation. That is, each model has been adjusted by an anthropometric indicator, as if models with more than one anthropometric indicator were built, the regression model would present multicollinearity (VIF ≥ 10) (27) . Level of physical activity and sexual maturation were used in the regression models as control variables because oxygen uptake is influenced by growth and body development, responding differently in the different maturational stages, and adolescents in more ad- uptake when compared to adolescents in early maturational stages (28) . In addition, maximum oxygen uptake is directly related to the level of physical activity, considering that insufficient physical activity or low-intensity activities are insufficient to achieve necessary threshold for cardiovascular adaptations that increase maximum oxygen uptake to occur (29) . The Durbin-Watson test was used to check the assumption of independence of errors for each of the models. The results of the Durbin-Watson test for each model were from 1 to 3, which show independence of errors (27) . The significance level was set at 5%. Analyses were performed using the statistical package for the social sciences (SPSS) version 22.0, considering the design effect and the sample weight and were presented stratified by sex.
Results
The average WC, CI and VO 2 max values were significantly higher in boys. The average triceps, subscapular, suprailiac skinfold, sum of triceps and subscapular skinfold and sum of triceps, subscapular and suprailiac skinfold values were significantly higher in girls (Table 1) . Most (62.4%) adolescents had white skin, were in the age group 14 -16 years (57.6%), had high socioeconomic status (67.8%) and attended during the day (71.5%) ( Table 2 ).
In the simple and multiple linear regression analysis, with the exception of CI in girls, all other anthropometric indicators were associated with VO 2 max (P < 0.01). Thus, as BMI, WC, WHtR, sum of triceps and subscapularis skinfolds and sum of triceps, subscapular and suprailiac skinfold values increased, the VO 2 max values of adolescents decreased, and the CI values for girls were not significant. The magnitude of decrease in VO 2 max values can be verified in the regression coefficients of predictor variables (standardized β) (Table 3 and 4) .
Multiple linear regression identified that regardless of sociodemographic factors (skin color, age, school shift, maternal education and economic level), level of physical activity and sexual maturation, BMI, WC, WHtR, sum of triceps and subscapularis skinfolds and sum of triceps, subscapular and suprailiac skinfold presented explanatory power for VO 2 max above 10% (adjusted R 2 ) in both sexes.
The anthropometric indicator with the highest explanatory power for VO 2 max in both sexes was the sum of triceps, subscapular and suprailiac skinfolds, and the indicator with the lowest explanatory power was CI. The results showed that 21% and 23% of the VO 2 max variance of females and males, respectively, was explained by the sum of the three skinfolds (triceps, subscapular and suprailiac) ( Tables 3 and 4 ). All models showed VIF values close to one, indicating lack of multicollinearity among anthropometric indicators, sociodemographic factors and sexual maturation. Moreover, the Durbin-Watson test for each of the models ranged from 1 to 3, which shows the independence of errors in the regression model (data not shown) ( Table  5 ).
Discussion
With the exception of CI, all other anthropometric indicators analyzed were able to explain the VO 2 max variation of adolescents in this study. The sum of the three skinfolds (triceps, subscapular and supra-iliac) was the anthropometric marker that had the highest explanatory power (R 2 ) for VO 2 max in both sexes.
The use of triceps skinfold alone is a way to estimate fat of body extremities (peripheral), while the subscapularis and suprailiac skinfolds provide information on fat concentrated in the trunk (14) . However, as fat distribution does not occur in a similar way for individuals, when using the sum of these skinfolds, it is possible to clear see the trend of global accumulation of body fat (30) . The sum of two and three skinfolds was the anthropometric indicators with greater explanatory power for VO 2 max in adolescents, with differences between these indicators of only 1% in the determination coefficient (R 2 ). The best explanatory power of the sum of three skinfolds for predicting VO 2 max may indicate that the analysis of different sites of fat accumulation results in increased accuracy to estimate total fat and consequently lean body mass in different individuals (14) . A review study showed that individuals with excess body fat had low aerobic fitness levels, regardless of protocol used to assess excess adiposity (BMI, body fat percentage, waist circumference, sum of skinfolds and CI) (31) . Furthermore, it was found that large amounts of lean body mass was related to suitable aerobic fitness values due to the oxidative potential of muscle fibers (32) . Especially in adolescence, changes in body composition occur abruptly, emphasizing the influence of these components (fat mass and lean body mass) on VO 2 max (14) .
In this study, adolescents with higher BMI, WC and WHtR had lower VO 2 max values, corroborating other surveys (11) . This fact is because overweight individuals are more likely to have difficulty moving around, resulting in greater economy of movement, increased energy expenditure and early fatigue in aerobic activities, reducing performance in physical tests (32) . In addition, a systematic review showed that overweight adolescents tend to impose barriers to physical activity that involves individual factors such as shame of their body, interpersonal factors related 4 Asian J Sports Med. In Press(In Press):e13812. to the prejudice they suffer due to excess weight, environmental factors such as lack of security in neighborhoods for physical activity, among others (33) . Boys with higher CI values of this study showed lower The sample studied is from a city with Gini index of 0.44. This index is a measure commonly used to calculate inequalities in income distribution (15) . To calculate this index, it is necessary to analyze the income of the population in the area under study. The Gini index expresses the difference between the incomes of the poorest and the richest. Numerically, it ranges from 0 to 1. Zero represents equality, which means that everyone has the same income, while 1 is the extreme opposite; i.e. a single person holds all wealth (15) . The literature showed that adolescents from cities with high social inequality were less physically active in leisure time than adolescents from cities with low social inequality (36) . This situation may reflect higher odds of obesity and lower levels of aerobic fitness in adolescents living in cities with high inequality in income distribution.
The fact that VO 2 max was estimated by submaximal test may be considered a study limitation, considering that submaximal protocols to estimate VO 2 max have lower accuracy compared to maximum protocols. However, submaximal tests are more practical to apply in population with high number of individuals (37) . In addition, indirect submaximal tests using heart rate can be ways to assess VO 2 max of adolescents with low physical fitness or those that do not bear the performance of maximum stress tests (38) .
This study significantly contributes to this area because it presents seven different anthropometric indicators (BMI, WC, WHtR, CI, triceps skinfold, subscapular skinfold, suprailiac skinfold, sum of triceps and subscapular skinfolds and sum of triceps, subscapularis and suprailiac skinfolds), chosen in order to obtain a greater overview of the body fat distribution that could predict the VO 2 max variation in adolescents. The use of regression models adjusted for sociodemographic factors, sexual maturation and physical activity, have identified that regardless of age, skin color, economic level, maternal education, maturational stage and level of physical activity among young people, anthropometric indicators can explain the aerobic fitness variation. Moreover, the association between VO 2 max and anthropometric indicators enhances the need for effective intervention programs focused on maintaining satisfactory body fat and aerobic fitness levels, considering that both factors, when in inadequate levels, bring consequences and damage to health such as predisposition to cardiovascular diseases.
Conclusions
It could be concluded that with the exception of CI for girls, all anthropometric indicators studied (BMI, WC, WHtR, sum of triceps and subscapular skinfolds and sum of triceps, subscapular and suprailiac skinfolds) were able to explain the VO 2 max variation in adolescents of this study, and the sum of triceps, subscapularis and suprailiac skinfolds showed the best power to explain the aerobic performance of adolescents. The results of this research show that health professionals need to encourage adolescents to engage in physical activity programs in order to improve aerobic performance and reduce body fat. U n c o r r e c t e d
